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(54) RANGE FINDING DEVICE AND RANGE FINDING METHOD

(57) A range finding device (10) includes a light-emit-
ting unit (20) including a plurality of light-emitting regions
arranged in a two-dimensional array, configured to emit
light from each of the plurality of light-emitting regions;
an optical element (22) configured to guide the light emit-
ted from the light-emitting unit (20) to a range finding
area; a light-receiving unit (30) configured to receive light
reflected from a target object existing in the range finding
area when the light emitted from the light-emitting unit
(20) hits the target obj ect and reflects from the target
object, the light-receiving unit (30) being divided into a
plurality of light receiving regions; a region light intensity
control unit (41) configured to control light emission
amount of each of the plurality of light-emitting regions
of the light-emitting unit (20) respectively corresponding
to the plurality of light receiving regions of the light-re-
ceiving unit (30); a region light intensity measurement
unit (60) configured to measure an amount of light re-
ceived at each of the light receiving regions of the light-re-
ceiving unit (30); and a range finding unit (42) configured
to measure a distance to the target object for each of the
light receiving regions of the light-receiving unit (30) by
measuring a time difference between a start time when
the light is emitted from the light-emitting unit (20) and a
time when the light reflected from the target object is re-
ceived by each of the light receiving regions of the
light-receiving unit (30). The region light intensity control
unit (41) causes each of the plurality of light-emitting re-
gions of the light-emitting unit (20) to emit the light with
the same light amount as a preliminary light emission
stage, and controls the light emission amount of each of

the plurality of light-emitting regions of the light-emitting
unit (20) to be used for a main light emission stage cor-
responding to a range finding operation of the target ob-
ject based on the amount of light received at each of the
light receiving regions of the light-receiving unit (30) that
was measured by the region light intensity measurement
unit (60) at the preliminary light emission stage. The
range finding unit (42) measures the distance to the target
object for each of the light receiving regions of the light-re-
ceiving unit (30) by performing the range finding opera-
tion at the main light emission stage.
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Description

BACKGROUND

Technical Field

[0001] This disclosure relates to a range finding device
and a range finding method.

Background Art

[0002] A range to an object existing in a range finding
area can be detected or found using a method of emitting
a laser beam toward the range finding area, receiving a
reflection light reflected from the object existing in the
range finding area, and calculating a distance to the ob-
ject using a time difference between a start time when
the laser beam is emitted and a time when the light re-
flected from the object is received. The range finding
method is known as the time-of-flight (TOF) method or
system. A range finding device that measures the range
or distance to objects using the TOF system is referred
to as a TOF camera or range finding camera. Further,
the range finding device can be also referred to as an
image capture apparatus or TOF camera as described
in JP-2012-198337-A.
[0003] In the range finding device (TOF camera) using
the TOF method, the light-receiving level (the amount of
received light) of the reflection light coming from the ob-
ject is a critical factor. If the light receiving level is too
low, the sensor output signal is not distinguishable from
the noise signal, and if the light reception level is too high,
the sensor output signal becomes saturated, with which
the range or distance to object cannot be computed ac-
curately.
[0004] One technology includes a light-receiving unit
having a light receiving surface, and a lighting unit that
emits the light, in which the intensity of light emitted from
the lighting unit is controlled so that the light receiving
surface receives the light amount of normal level to obtain
an accurate range finding value as described in JP-
2012-198337-A.
[0005] This image capture apparatus (TOF camera)
performs the exposure control based on the measured
light amount of the target range finding area. That is,
when the light-receiving unit measures the exposed light
amount, if the measured light amount is equal to or great-
er than a given value (e.g., normal value), the intensity
of light emitted from the lighting unit is reduced, and if
the measured light amount is lower than the given value,
the intensity of light emitted from the lighting unit is in-
creased. However, this image capture apparatus (TOF
camera) may not cope with a situation that the light in-
tensity of the reflection light fluctuates or varies depend-
ing on a distance from the image capture apparatus (TOF
camera) to a target object when the light is emitted from
the lighting unit and then the light reflected from the object
reaches the image capture apparatus (TOF camera).

SUMMARY

[0006] In one aspect of the present invention, a range
finding device is devised. The range finding device in-
cludes a light-emitting unit including a plurality of light-
emitting regions arranged in a two-dimensional array,
configured to emit light from each of the plurality of light-
emitting regions; an optical element configured to guide
the light emitted from the light-emitting unit to a range
finding area; a light-receiving unit configured to receive
light reflected from a target object existing in the range
finding area when the light emitted from the light-emitting
unit hits the target object and reflects from the target ob-
ject, the light-receiving unit being divided into a plurality
of light receiving regions; a region light intensity control
unit configured to control light emission amount of each
of the plurality of light-emitting regions of the light-emit-
ting unit respectively corresponding to the plurality of light
receiving regions of the light-receiving unit; a region light
intensity measurement unit configured to measure an
amount of light received at each of the light receiving
regions of the light-receiving unit; and a range finding
unit configured to measure a distance to the target object
for each of the light receiving regions of the light-receiving
unit by measuring a time difference between a start time
when the light is emitted from the light-emitting unit and
a time when the light reflected from the target object is
received by each of the light receiving regions of the light-
receiving unit. The region light intensity control unit caus-
es each of the plurality of light-emitting regions of the
light-emitting unit to emit the light with the same light
amount as a preliminary light emission stage, and con-
trols the light emission amount of each of the plurality of
light-emitting regions of the light-emitting unit to be used
for a main light emission stage corresponding to a range
finding operation of the target object based on the amount
of light received at each of the light receiving regions of
the light-receiving unit that was measured by the region
light intensity measurement unit at the preliminary light
emission stage. The range finding unit measures the dis-
tance to the target object for each of the light receiving
regions of the light-receiving unit by performing the range
finding operation at the main light emission stage.
[0007] In another aspect of the present invention, a
method of finding a range to a target object is devised.
The method includes emitting light from a light-emitting
unit including a plurality of light-emitting regions arranged
in a two-dimensional array; guiding the light emitted from
the light-emitting unit to a range finding area using an
optical element; receiving, using a light-receiving unit,
light reflected from the target object existing in the range
finding area when the light emitted from the light-emitting
unit hits the target object and reflects from the target ob-
ject, the light-receiving unit being divided into a plurality
of light receiving regions; controlling light emission
amount of each of the plurality of light-emitting regions
of the light-emitting unit respectively corresponding to
the plurality of light receiving regions of the light-receiving
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unit; measuring an amount of light received at each of
the light receiving regions of the light-receiving unit;
measuring a distance to the target object for each of the
light receiving regions of the light-receiving unit by meas-
uring a time difference between a start time when the
light is emitted from the light-emitting unit and a time when
the light reflected from the target object is received by
each of the light receiving regions of the light-receiving
unit for; causing each of the plurality of light-emitting re-
gions of the light-emitting unit to emit the light with the
same light amount as a preliminary light emission stage;
controlling the light emission amount of each of the plu-
rality of light-emitting regions of the light-emitting unit to
be used for a main light emission stage corresponding
to a range finding operation of the target object based on
the amount of light received at each of the light receiving
regions of the light-receiving unit that was measured at
the preliminary light emission stage; and measuring the
distance to the target object for each of the light receiving
regions of the light-receiving unit by performing the range
finding operation at the main light emission stage.
[0008] According to the above described aspects of
the present invention, a range of object detectable by
performing the range finding operation can be improved
for far-side objects and nearby objects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the description
and many of the attendant advantages and features
thereof can be readily acquired and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 schematically illustrates a configuration of an
optical system and a control system of a range find-
ing device used for performing a range finding meth-
od according to an embodiment;
FIG. 2 schematically illustrates an example of a light-
emitting surface of a laser light source arranging a
plurality of light-emitting regions in a two-dimension-
al array, and a luminance distribution profile in a lat-
eral direction and a luminance distribution profile in
a longitudinal direction;
FIG. 3 illustrates a diagram illustrating a range to
object detectable and a range to object not detecta-
ble when light emission amount of a laser light source
is set to one given value;
FIG. 4 is a graph illustrating an example of light emis-
sion control of a laser light source based on an output
of TOF sensor;
FIG. 5A illustrates an example of output distribution
at imaging regions of TOF sensor at a preliminary
light emission stage when a laser light source emits
a preliminary light;
FIG. 5B illustrates an example of light emission
amount of a laser light source at a main light emission
stage when a laser light source emits a main light

corresponding to the output distribution at imaging
regions of TOF sensor when the laser light source
emits the preliminary light;
FIG. 6 illustrates an example of flowchart of a normal
or standard image capturing operation according to
the embodiment;
FIG. 7 illustrates an example of flowchart of an image
capturing operation when the image capturing oper-
ation is performed for multiple times according to the
embodiment; and
FIG. 8 (8(a), 8(b), 8(c), 8(d)) illustrates examples of
timing charts used for describing a reason why a
range finding accuracy deteriorates or range finding
cannot be performed for a nearby object and a far-
side object.

[0010] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0011] A description is now given of exemplary embod-
iments of the present inventions. It should be noted that
although such terms as first, second, etc. may be used
herein to describe various elements, components, re-
gions, layers and/or units, it should be understood that
such elements, components, regions, layers and/or units
are not limited thereby because such terms are relative,
that is, used only to distinguish one element, component,
region, layer or unit from another region, layer or unit.
Thus, for example, a first element, component, region,
layer or unit discussed below could be termed a second
element, component, region, layer or unit without depart-
ing from the teachings of the present inventions.
[0012] In addition, it should be noted that the terminol-
ogy used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of
the present inventions. Thus, for example, as used here-
in, the singular forms "a", "an" and "the" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. Moreover, the terms "includes"
and/or "including," when used in this specification, spec-
ify the presence of stated features, integers, steps, op-
erations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0013] Hereinafter, a description is given of a range
finding apparatus and a range finding method according
to an embodiment with reference to the drawings.

(First Embodiment)

[0014] FIG. 1 illustrates an example of a schematic
configuration of a TOF camera 10 described as an ex-
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ample of range finding device according to first embod-
iment. As illustrated in FIG. 1, the TOF camera 10 in-
cludes, for example, a light-emitting unit 20 and a light-
receiving unit 30. The TOF camera 10 further includes,
for example, a vertical cavity surface emitting laser (VC-
SEL) 21, a lens 22, a light emission control unit 50, a
determination unit 40, a light measurement/control unit
60, a light receiving lens 31, and a light receiving sensor
32 (TOF sensor 32). As illustrated in FIG. 1, in the TOF
camera 10, the light-emitting unit 20 emits laser light of
a rectangular wave or sine wave having a modulated
frequency of some megahertz (MHz) to an object as pro-
jection light, and after the light-emitting unit 20 emits the
laser light as the projection light to the object, the projec-
tion light hits and reflects from the object, and then the
light-receiving unit 30 receives the light reflected from
the object.
[0015] The light-emitting unit 20 includes, for example,
a vertical cavity surface emitting laser (VCSEL) 21 as a
light source. The VCSEL 21 includes a plurality of light-
emitting regions arrayed two-dimensionally. The light
emission control unit 50 controls the light emission op-
eration of each one of the light-emitting regions of the
VCSEL 21. The light-emitting unit 20 further incudes the
lens 22 (an example of optical element) that adjusts (e.g.,
enlarge) an angle of view of the light emitted from each
of light-emitting points or regions of the VCSEL 21 to a
given required angle and then projects the projection light
with the given angle of view.
[0016] The TOF camera 10 includes the determination
unit 40. The determination unit 40 controls the light emis-
sion control unit 50 to control the emission timing and the
emission amount of light emitted by the light-emitting re-
gions of the VCSEL 21.
[0017] The light-receiving unit 30 includes, for exam-
ple, the light receiving lens 31 and the light receiving sen-
sor 32. The light receiving lens 31 collects the light re-
flected from the object, and the light receiving sensor 32
receives the light collected by the light receiving lens 31
and performs the photoelectric conversion of the light. In
the embodiment, the light receiving sensor 32 employs,
for example, a time-of-flight (TOF) sensor. The light re-
ceiving sensor 32 is configured by arranging light receiv-
ing regions (e.g., sensor elements) in a two-dimensional
pattern corresponding to the two-dimensional pattern of
the light-emitting regions of the VCSEL 21, and the de-
tection signal of each sensor element is output individu-
ally. The sensor element is also referred to as the imaging
element.
[0018] In this description, the TOF camera 10 includes
the light-emitting unit having a plurality of light-emitting
regions arranged in the two-dimensional array (e.g., laser
light source unit), and the imaging element, in which an
imaging face of the imaging element is divided into a
plurality of discrete imaging regions (i.e., mesh pattern)
by setting the number of discrete imaging regions same
as the number of light-emitting regions and setting the
same arrangement pattern for the light-emitting regions

and the discrete imaging regions, and then the range of
object is detected for each imaging region. In this de-
scription, the imaging region may be also referred to as
light receiving region.
[0019] The detection signal of the light receiving sensor
32 is input to the light measurement/control unit 60. The
light measurement/control unit 60 performs statistical da-
ta processing of the sensor output value received from
each detection region of the light receiving sensor 32
such as the TOF sensor, and functions as a region light
intensity measurement unit that measures the light re-
ceiving level (the amount or quantity of received light) for
each imaging region. The light measurement/control unit
60 also controls the light reception time, light reception
sensitivity, timing or the like of the light receiving sensor
32, which are synchronized with the light emission control
of the light-emitting regions of the VCSEL 21.
[0020] The region light intensity measurement unit also
measures the light receiving level (light receiving
amount) for each imaging region during a preliminary
light emission stage of the laser light by the VCSEL 21,
and then a region light intensity control unit 41, to be
described later, controls the light emission amount at the
time of performing the range finding of object (hereinafter,
main light emission stage) based on the amount of light
received by each of imaging regions during the prelimi-
nary light emission stage.
[0021] The determination unit 40 includes, for exam-
ple, the region light intensity control unit 41. The region
light intensity control unit 41 determines the light emis-
sion amount of each light emission region of the VCSEL
21 and the light reception sensitivity of the light receiving
sensor 32 during the image capturing operation based
on the statistical sensor output data of each light receiving
region of the light receiving sensor 32. The determination
unit 40 further includes, for example, a range finding unit
42. The range finding unit 42 measures or calculates a
distance to a target object for each imaging region by
measuring the time difference between a time when emit-
ting the laser beam from the VCSEL 21 and a time when
receiving the light reflected from the object by the light
receiving sensor 32 for each imaging region.
[0022] The range finding operation by the TOF camera
10 is equivalent to the known TOF camera operation us-
ing the general phase detection method. For example,
the technology of the TOF camera described in JP-
2018-077143-A can be used. Therefore, the detailed de-
scription of the range finding operation by the TOF cam-
era 10 is omitted.
[0023] Hereinafter, a description is given of a two-di-
mensional arrangement of the sensor elements of the
VCSEL 21 used as the light source unit of the light-emit-
ting unit 20 with reference to FIG. 2. FIG. 2 schematically
illustrates a light-emitting surface of the VCSEL 21, in
which each circle (shaded circle) indicates each light-
emitting region, and eight light-emitting regions are ar-
ranged in a longitudinal direction and a lateral direction,
respectively, and thereby a total of 64 light-emitting re-
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gions are arranged two-dimensionally. Further, each
light-emitting region includes a plurality of VCSEL ele-
ments arranged with an equal interval.
[0024] FIG. 2 also illustrates a luminance distribution
profile in a lateral direction along the upper edge of the
VCSEL elements, and a luminance distribution profile in
a longitudinal direction along the left edge of the VCSEL
elements. As to the luminance distribution profile, the dot-
ted line indicates the luminance distribution profile of
each VCSEL element, and the solid line indicates the
luminance distribution profile when the entire VCSEL el-
ements simultaneously emit the light. As indicated by the
luminance distribution profile indicated by the solid line,
when the entire elements simultaneously emit the light,
the light emission become a substantially uniform surface
emission. In other words, the arrangement interval of the
elements are determined so as to achieve the uniform
surface emission. The arrangement interval of the ele-
ments varies depending on specifications of the VCSEL
element. For example, the arrangement interval of the
elements is set to approximately 50 mm in scale.
[0025] FIG. 3 illustrates a relationship between an out-
put of the light receiving sensor 32 and a range or dis-
tance to object (hereinafter, object distance) when the
entire regions of the VCSEL 21 emit the light having the
same intensity, and then the light receiving sensor 32
receives the light reflected from the object and outputs
the detection signal. In FIG. 3, the horizontal axis repre-
sents the distance to object (object distance), and the
vertical axis represents the output of the light receiving
sensor 32 within an output range of levels "0 to 255." The
object exists within a field of view of the light receiving
sensor 32.
[0026] When a lateral direction of the light receiving
surface of the light receiving sensor 32 is defined as X
direction, a longitudinal direction of the light receiving sur-
face of the light receiving sensor 32 is defined as Y di-
rection, and a direction away from the light receiving sur-
face of the light receiving sensor 32 is defined as Z di-
rection, the light receiving surface becomes a X-Y plane.
When a range finding area is viewed from the light re-
ceiving sensor 32, the distance to the object from the
discrete imaging regions on the X-Y plane of the light
receiving sensor 32 may vary for each of the discrete
imaging regions except that the object existing in the
range finding area is a plane object parallel to the XY
plane.
[0027] When the light set with a given uniform intensity
is emitted from the TOF system toward the range finding
area, the level of the reflection light becomes higher in
an area where a nearby object is present, and the output
level of the light receiving sensor 32 is saturated.
[0028] Further, the level of the reflection light becomes
lower in an area where a far-side object is present, and
the output signal of the light receiving sensor 32 is not
distinguishable from the noise signal. That is, when the
object distance position is too close to or too far from the
TOF camera 10, the range finding cannot be performed

or the range finding precision deteriorates, and thereby
the range of object detectable by performing the range
finding operation is restricted.
[0029] Hereinafter, a description is given of this situa-
tion in detail with reference to FIG. 3. When the VCSEL
21 emits the light with the same light amount with respect
to each of the pixels arranged in the array, as illustrated
in FIG. 3, the light reflected by the far-side object is at-
tenuated, and the output of the light receiving sensor 32
becomes smaller. In an example case of FIG. 3, the re-
lationship between the sensor output and the object dis-
tance becomes non-linear when the object distance ex-
ceeds 7 m, and the range finding accuracy deteriorates,
so that the output of the light receiving sensor 32 be-
comes invalid. Since the attenuation of the reflection light
is small for the nearby object, the output of the light re-
ceiving sensor 32 becomes larger.
[0030] FIG. 8 illustrates examples of timing chart used
for describing a reason why the range finding accuracy
by the light receiving sensor 32 deteriorates or the range
finding cannot be performed for a nearby object and a
far-side object. FIG. 8(a) illustrates the light emission
amount of the VCSEL 21 with respect to the timeline.
The light emitting waveform is a rectangular waveform.
[0031] FIG. 8(b) illustrates an output waveform of the
light receiving sensor 32 when an object is at a middle
range or intermediate distance, such as 1 m to 7 m. The
received-light waveform is not a rectangular waveform,
but becomes a sinusoidal waveform having a slight delay.
An output determination threshold value is set for the
light receiving sensor 32 to determine a point to measure
a phase difference Δt of the light emission timing and the
light reception timing. A time period to become the thresh-
old value level is measured, and then the phase differ-
ence Δt is converted into distance information. A precise
range finding can be performed for the object at the in-
termediate distance.
[0032] FIG. 8(c) illustrates an output waveform of the
light receiving sensor 32 when the object is at a near side
or distance, such as within 1 m. When the object is at the
near side, the output of the light receiving sensor 32 be-
comes larger and saturated, so that the rising of the wave-
form becomes steep. Therefore, a deviation error occurs
in the time when the output of the light receiving sensor
32 becomes the determination threshold value (50% in
this example case) compared to the ideal sinusoidal
waveform of FIG. 8(b). This deviation error is indicated
in FIG. 8(b) as "E." Since the deviation error "E" affects
greater as the phase difference Δt becomes smaller (i.e.,
distance index becomes shorter as indicated in FIG.
8(c)), the range finding error becomes greater when the
output of the light receiving sensor 32 is saturated for the
nearby object. Therefore, when the output of the light
receiving sensor 32 is saturated, the range finding oper-
ation is not performed correctly.
[0033] FIG. 8(d) illustrates an output of the light receiv-
ing sensor 32 when the object is at a far side or distance,
such as 7 m or more. The amount of light received by
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the light receiving sensor 32 decreases as the object is
at the far side. Therefore, the output of the light receiving
sensor 32 does not exceed the determination threshold
value required for the phase difference measurement,
and the measurement of the phase difference Δt cannot
be performed. In this case too, the range finding operation
is not performed correctly.
[0034] As indicated in FIG. 8, the object distance that
can be measured by emitting the light from the entire
elements of the VCSEL 21 at the same time with the
same light amount for one light emission operation is
limited to a given range area.
[0035] FIG. 4 illustrates an example of the light emis-
sion control of the VCSEL 21 based on the output of the
light receiving sensor 32. In FIG. 4, the horizontal axis
represents the output of the light receiving sensor 32,
and the maximum output level is 255 and the minimum
output level is 0. The vertical axis represents the light
emission amount of the VCSEL 21, in which the maxi-
mum light emission amount is 3 watt [W].
[0036] As illustrated in FIG. 4, the light-emission
amount of the VCSEL 21 at the main light emission stage
(second light emission stage) is controlled in accordance
with the output of the light receiving sensor 32 when the
same amount of light is emitted from the entire elements
of the VCSEL 21 at the preliminary light emission stage
(first light emission stage).
[0037] If the distance to object is far and the output of
the light receiving sensor 32 becomes smaller at the pre-
liminary light emission stage, and thereby the range find-
ing operation cannot be performed, the light-emission
amount of the VCSEL 21 at the main light emission stage
is increased. By contrast, if the distance to the object is
close and the output of the light receiving sensor 32 is
saturated at the preliminary light emission stage, the
light-emission amount of the VCSEL 21 at the main light
emission stage is reduced. The region light intensity con-
trol unit 41 controls the light emission control unit 50 to
control the light emission amount at the main light emis-
sion stage.
[0038] FIGs. 5A and 5B illustrate examples of the light
emission control of the VCSEL 21 according to the light
amount value measured at each light receiving region of
the light receiving sensor 32. FIG. 5A illustrates an ex-
ample of output distribution of the respective light-receiv-
ing regions of the light receiving sensor 32 at the prelim-
inary light emission stage when the light receiving region
of the light receiving sensor 32 is divided into 8 3 8 re-
gions, in which the output distribution is drawn by chang-
ing patterns of the output distribution. Specifically, in ac-
cordance with the output of the light receiving sensor 32,
a region where the output is larger is expressed with a
thin density shaded pattern while a region where the out-
put is small is expressed with a thick density shaded pat-
tern. In other words, the region expressed by the thin
density shaded pattern indicates that the distance to the
object in this region is close, and the region expressed
by the thick density shaded pattern indicates the distance

to the object in this region is far.
[0039] In FIG. 5A, the region where the object is sub-
stantially at the infinity position is expressed by the thick-
est density shaded pattern, and the region where the
object is present at the closest position, in other words,
the region where the output of the light receiving sensor
32 becomes the maximum (the region where the output
of the light receiving sensor 32 is saturated) is expressed
by white without using the density shaded pattern. In FIG.
5A, to simplify the description, five density shaded pat-
terns including white are used, but is not limited thereto.
The actual output of the light receiving sensor 32 can be
categorized into a plurality of patterns.
[0040] FIG. 5B illustrates an example of light emission
amount of each region set for the VCSEL 21 when the
output distribution of the light receiving sensor 32 at the
preliminary light emission stage becomes the output dis-
tribution illustrated in FIG. 5A, in which the light emission
amount is drawn by changing patterns of the light emis-
sion amount. The thinner the density pattern, the greater
the light emission amount. In accordance with the output
distribution of FIG. 5A, the region where the object is
estimated to be at the near side, the light emission
amount of the VCSEL 21 is controlled to be smaller, while
the region where the object is estimated to be at the far
side, the light emission amount of the VCSEL 21 is con-
trolled to be greater. As similar to FIG. 5A, in FIG. 5B, to
simplify the description, five density patterns including
white are used, but is not limited thereto. The actual light
emission amount of the VCSEL 21 can be categorized
into a plurality of patterns.
[0041] FIG. 6 illustrates an example of flowchart of a
normal or standard image capturing operation by setting
a given standard sensitivity to the light receiving sensor
32.
[0042] In step S601, the preliminary light emitting is
performed prior to an image capturing operation. In step
S601, the light emission amount of the VCSEL 21 is set
to the same for the entire pixels so that the light emission
amount is set to a uniform level for the entire regions of
the VCSEL 21.
[0043] In step S602, the reflection light is received and
detected by the light receiving sensor 32 at the prelimi-
nary light emission stage. Since the light receiving sensor
32 includes the light receiving regions, each of which is
the discrete light-receiving region as described above, a
statistical value of each light receiving region is calculat-
ed from the sensor output value of the respective light
receiving regions.
[0044] In step S603, the light emission amount at each
region of the VCSEL 21 to be used for the main light
emission stage (image capturing operation) is set based
on the statistical value of each of the light receiving re-
gions calculated in step S602. The light emission amount
of the VCSEL 21 is set as described with reference to
FIGs. 5A and 5B.
[0045] In step S604, the main light emission stage is
performed by emitting the light from the VCSEL 21 with
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the light amount set in step S603.
[0046] In step S605, the data of the light receiving sen-
sor 32 is acquired in line with the light emission timing.
[0047] In step S606, the range finding processing is
performed based on the data of the light receiving sensor
32 obtained in step S605 to calculate distance informa-
tion of the object existing within the angle of view set by
the lens 22 (optical element). As described above, by
setting the appropriate light emission amount for each of
the light-emitting regions of the VCSEL 21, the range of
object detectable by performing the range finding oper-
ation can be improved.

(Second Embodiment)

[0048] FIG. 7 illustrates an example of flowchart of an
image capturing operation with a higher sensitivity when
the sensitivity of the light receiving sensor 32 is reset.
Steps S701 to S705 in FIG. 7 are the same as steps S601
to S605 in the flowchart of FIG. 6, and steps S701 to
S705 are performed until acquiring the captured image
data.
[0049] When the light is emitted at the main light emis-
sion stage, in step S706, the reflection light is detected
by the light receiving sensor 32, a statistical value of each
light receiving region of the light receiving sensor 32 is
calculated from the sensor output value of the respective
light receiving regions of the light receiving sensor 32,
and then a region where the range finding cannot be per-
formed due to too-small sensor output is detected as a
sensitivity-increase-required region.
[0050] In step S707, the light-receiving sensitivity of
the light receiving sensor 32 is increased at the sensitiv-
ity-increase-required region alone, detected in step
S706.
[0051] In step S708, the light-emission amount is set
for each light-emitting region of the VCSEL 21.
[0052] In step S709, the light is emitted from each light-
emitting region of the VCSEL 21 based on the light-emis-
sion amount set in step S708.
[0053] In step S710, the light is received at each light-
receiving region of the light receiving sensor 32.
[0054] In step S711, it is confirmed whether or not the
sensitivity-increase-required region still exists. If the sen-
sitivity-increase-required region still exists (S711: YES),
the sequence returns to step S707, and then the sensi-
tivity of the sensitivity-increase-required region is in-
creased and then the range finding operation is per-
formed again and the light is received by the light receiv-
ing sensor 32 again. If the sensitivity-increase-required
region does not exist (S711: NO), the sequence proceeds
to step S712.
[0055] In step S712, the image capturing operation is
performed, and then the data detected by the light re-
ceiving sensor 32 is stored.
[0056] In the sequence described in FIG. 7, if the sen-
sitivity-increase-required region still exists (S711: YES),
the sequence from step S707 is repeated and the image

capturing operation is performed in step S712 while set-
ting an upper limit for the number of times of performing
the image capturing operation to "N" times.
[0057] In step S713, the range finding processing is
performed based on the data of the light receiving sensor
32 obtained in step S712 to calculate the range or dis-
tance information of the object existing within the angle
of view set by the lens 22 (optical element).
[0058] As described above, by setting the appropriate
light emission amount for each light-emitting region of
the VCSEL 21, and the appropriate sensitivity for each
light-receiving regions of the light receiving sensor 32,
the range of object detectable by performing the range
finding operation can be further increased compared to
the range finding operation of FIG. 6.
[0059] According to the above described embodiment,
a range of object detectable by performing the range find-
ing operation can be improved for far-side objects and
nearby objects.
[0060] In the above-described embodiments, the VC-
SEL having the plurality of light-emitting regions arranged
in the two-dimensional array is described as the laser
light source unit having the plurality of light-emitting re-
gions arranged in the two-dimensional array, but is not
limited thereto. For example, any light source unit having
a plurality of light-emitting regions arranged in a two-di-
mensional array can be used instead of the VCSEL.
[0061] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
appended claims, the disclosure of this specification can
be practiced otherwise than as specifically described
herein. Any one of the above-described operations may
be performed in various other ways, for example, in an
order different from the one described above.
[0062] Each of the functions of the above-described
embodiments can be implemented by one or more
processing circuits or circuitry. Processing circuitry in-
cludes a programmed processor, as a processor includes
circuitry. A processing circuit also includes devices such
as an application specific integrated circuit (ASIC), digital
signal processor (DSP), field programmable gate array
(FPGA), system on a chip (SOC), graphics processing
unit (GPU), and conventional circuit components ar-
ranged to perform the recited functions. The present dis-
closure can be implemented in any convenient form, for
example using dedicated hardware, or a mixture of ded-
icated hardware and software.

Claims

1. A range finding device (10) comprising:

a light-emitting unit (20) including a plurality of
light-emitting regions arranged in a two-dimen-
sional array, configured to emit light from each
of the plurality of light-emitting regions;
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an optical element (22) configured to guide the
light emitted from the light-emitting unit (20) to
a range finding area;
a light-receiving unit (30) configured to receive
light reflected from a target object existing in the
range finding area when the light emitted from
the light-emitting unit (20) hits the target object
and reflects from the target object, the light-re-
ceiving unit (30) being divided into a plurality of
light receiving regions;
a region light intensity control unit (41) config-
ured to control light emission amount of each of
the plurality of light-emitting regions of the light-
emitting unit (20) respectively corresponding to
the plurality of light receiving regions of the light-
receiving unit (30);
a region light intensity measurement unit (60)
configured to measure an amount of light re-
ceived at each of the light receiving regions of
the light-receiving unit (30); and
a range finding unit (42) configured to measure
a distance to the target object for each of the
light receiving regions of the light-receiving unit
(30) by measuring a time difference between a
start time when the light is emitted from the light-
emitting unit (20) and a time when the light re-
flected from the target object is received by each
of the light receiving regions of the light-receiv-
ing unit (30),
wherein the region light intensity control unit (41)
causes each of the plurality of light-emitting re-
gions of the light-emitting unit (20) to emit the
light with the same light amount as a preliminary
light emission stage, and controls the light emis-
sion amount of each of the plurality of light-emit-
ting regions of the light-emitting unit (20) to be
used for a main light emission stage correspond-
ing to a range finding operation of the target ob-
ject based on the amount of light received at
each of the light receiving regions of the light-
receiving unit (30) that was measured by the re-
gion light intensity measurement unit (60) at the
preliminary light emission stage,
wherein the range finding unit (42) measures
the distance to the target object for each of the
light receiving regions of the light-receiving unit
(30) by performing the range finding operation
at the main light emission stage.

2. The range finding device (10) according to claim 1,
further comprising:

a control unit (60) configured to control light-re-
ceiving sensitivity of each of the light-receiving
regions of the light-receiving unit (30),
wherein when the amount of light received at
one or more particular light receiving regions of
the light-receiving unit (30), measured by the re-

gion light intensity measurement unit (60) at the
preliminary light emission stage, is lower than a
given threshold value, the control unit (60) in-
creases the light-receiving sensitivity of the one
or more particular light receiving regions of the
light-receiving unit (30), and the range finding
unit (42) measures the distance to the target ob-
ject using the light receiving regions of the light-
receiving unit (30) after increasing the light-re-
ceiving sensitivity of the one or more particular
light receiving regions of the light-receiving unit
(30).

3. The range finding device (10) according to claim 1,
further comprising:

a control unit (60) configured to control light-re-
ceiving sensitivity of each of the light-receiving
regions of the light-receiving unit (30),
wherein when the amount of light received at
one or more particular light receiving regions of
the light-receiving unit (30), measured by the re-
gion light intensity measurement unit (60) during
the preliminary light emission stage, is saturat-
ed, the control unit (60) decreases the light-re-
ceiving sensitivity of the one or more particular
light receiving regions of the light-receiving unit
(30), and the range finding unit (42) measures
the distance to the target object using the light
receiving regions of the light-receiving unit (30)
after decreasing the light-receiving sensitivity of
the one or more particular light receiving regions
of the light-receiving unit (30).

4. The range finding device (10) according to any one
of claims 1 to 3,
wherein light-emitting unit (20) includes vertical cav-
ity surface emitting laser as a light source.

5. The range finding device (10) according to any one
of claims 1 to 4,
wherein the optical element (22) is a wide-angle lens.

6. A method of finding a range to a target object, com-
prising:

emitting light from a light-emitting unit (20) in-
cluding a plurality of light-emitting regions ar-
ranged in a two-dimensional array;
guiding the light emitted from the light-emitting
unit (20) to a range finding area using an optical
element (22);
receiving, using a light-receiving unit (30), light
reflected from the target object existing in the
range finding area when the light emitted from
the light-emitting unit (20) hits the target object
and reflects from the target object, the light-re-
ceiving unit (30) being divided into a plurality of
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light receiving regions;
controlling light emission amount of each of the
plurality of light-emitting regions of the light-
emitting unit (20) respectively corresponding to
the plurality of light receiving regions of the light-
receiving unit (30);
measuring an amount of light received at each
of the light receiving regions of the light-receiv-
ing unit (30);
measuring a distance to the target object for
each of the light receiving regions of the light-
receiving unit (30) by measuring a time differ-
ence between a start time when the light is emit-
ted from the light-emitting unit (20) and a time
when the light reflected from the target object is
received by each of the light receiving regions
of the light-receiving unit (30);
causing each of the plurality of light-emitting re-
gions of the light-emitting unit (20) to emit the
light with the same light amount as a preliminary
light emission stage;
controlling the light emission amount of each of
the plurality of light-emitting regions of the light-
emitting unit (20) to be used for a main light emis-
sion stage corresponding to a range finding op-
eration of the target object based on the amount
of light received at each of the light receiving
regions of the light-receiving unit (30) that was
measured at the preliminary light emission
stage; and
measuring the distance to the target object for
each of the light receiving regions of the light-
receiving unit (30) by performing the range find-
ing operation at the main light emission stage.

7. The method according to claim 6, further comprising:

controlling a light-receiving sensitivity of each of
the light-receiving regions of the light-receiving
unit (30);
increasing the light-receiving sensitivity of one
or more particular light receiving regions when
the amount of light received at the one or more
particular receiving regions, measured by a re-
gion light intensity measurement unit (60) at the
preliminary light emission stage, is lower than a
given threshold value; and
measuring the distance to the target object using
the light receiving regions of the light-receiving
unit (30) after increasing the light-receiving sen-
sitivity of the one or more particular light receiv-
ing regions of the light-receiving unit (30).

8. The method according to claim 6, further comprising:

controlling a light-receiving sensitivity of each of
the light-receiving regions of the light-receiving
unit (30);

decreasing the light-receiving sensitivity of one
or more particular light receiving regions of the
light-receiving unit (30) when the amount of light
received at the one or more particular light re-
ceiving regions of the light-receiving unit (30),
measured at the preliminary light emission
stage, is saturated; and
measuring the distance to the target object using
the light receiving regions of the light-receiving
unit (30) after decreasing the light-receiving sen-
sitivity of the one or more particular light receiv-
ing regions of the light-receiving unit (30).
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